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One of the deterrents to the understanding of
psoriasis is finding an experimental animal in
whicb one can produce, in a predictable way,
a parakeratotie lesion which resembles the
human cutaneous lesion.
Parakeratosis of swine was described by
Kernkamp and Ferrin in 1953 (1). At that
time they described this as a dermatosis in
young swine between the ages of S and 16
weeks. The lesions were characterized by
hard, dry, crusted proliferations of the super-
ficial layer of the epidermis. Nutritional
studies (2, 3) indicating that it is possible
to produce a parakeratotic lesion in swine by
increasing the calcium content of the diet,
and its alleviation with the administration
of zinc, prompted the present study, with the
purpose of comparing the parakeratotic le-
sion of swine with the psoriatic lesion, and
seeking a rational basis for a possible thera-
peutic effort in human psoriasis.
Braun-Falco has published extensively on
the histochemistry of psoriasis. In a review
of his work (4), he drew attention to several
histochemical parameters whose values were
increased from the normal in psoriasis. These
included: phospholipids, amino acids or short-
chain polypeptides, protein-bound sulfhydryl,
activity of hydrolytic enzymes, and various
polysaccharidcs. He drew particular attention
to the dermal mucopolysaccharides, as have
other authors (5—7).
Although the present study was not designed
to bring about any further elucidation of the
basic mechanism of parakeratosis, it does in-
dicate that the lesion in swine resembles that
of psoriasis in man, not only grossly, but
also histologically and in some histochemical
ways. This report, therefore, provides impetus
for further efforts in studying zinc metabo-
lism in the psoriatic patient.
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MATERIALS AND METHODS
Parakeratotic lesions were produced in wean-
ling (6—S-week-old) pigs3 by feeding them diets
which were high in calcium (to about 1.5% of the
air-dry diet) and rather low in zinc (to about 30
ppm of the air-dry diet). At various stages, biopsy
specimens were taken4 of either pectoral or flank
skin, under local anesthesia. In animals with far-
advanced lesions, tissoes were obtained at
slaughter. Normal tissues were collected in the
same manner from pigs which had received sup-
plemental zinc.
Immediately upon removal of the samples,
they were trimmed of hair and subcutaneous fat
and divided into pieces about 2 x 4 x 10 mm,
which were then immersed in the following fixa-
tives: Bouin's fluid, Zenker's fluid, 1% trichloro-
acetic acid in cold 80% ethanol, and Rossman's
fluid. Fixation was continued for 20—24 hours, fol-
lowed by dehydration in graded alcohols, clearing
in chloroform, infiltration with paraffin in vacuo,
and embedding. Sections 6 i in thickness were
used throughout.
For histological study, the tissues were stained
in Groat's tetrachrome or hematoxylin and eosin.
For determination of desoxyribonucleic acid
(DNA), the Feulgen reaction was employed (8);
and for ribonucleic acid (RNA), sections were
stained in methylene blue at pH 5.2 and 3.1, with
and without pretreatment with ribonuclease
(RNase).
Sulfhydryls (—SH) and disulfides (—SS—)
were demonstrated by the method of Barrnett and
Seligman (9, 10), using the dihydroxy-dinaphthyl-
disulfide (DDD) reagent. In blocking the —SH
groups, it is essential that the pH of the iodo-
acetate medium remain at 8.6 or above. For this
reason, 0.5 M "tris" buffer was used, and pH was
checked and adjusted (when necessary) during
the acetylation procedure. Following this step, di-
sulfide groups were opened by the use of sodium
thioglycolate at pH 9.0, room temperature, for 15
minutes. The adequacy and specificity of this
procedure were demonstrated by the intense stain-
ing of hair keratin, while stratum germinativum
was only slightly stained.
Polysaccharides were stained with the periodic
acid-Schiff (PAS) method (5), with and without
'Dr. Robert H. Grummer, of the Department of
Meat and Animal Science, very kindly made the
pigs available for this study.
'Dr. Tadeusz Kowalczyk, of the Department of
Veterinary Science, gave help with the biopsies
and the interpretation of the gross specimens of
joint tissue.
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Fio. 1. Foreleg of hog showing advanced stage of parakeratotic lesion. Note heavy,
generalized incrustations, and suhungual thickening.
pre-treatment with diastase. Acid mucopolysac-
charides were stained with the colloidal iron
method (11); and selected sections were counter-
stained with the PAS method, to demonstrate
both acid and neutral mucopolysaccharidcs in the
same section. Additional information about poly-
saccharide distribution was obtained from the sec-
tions stained with methylene blue.
OBSERVATIONS
Gross Appearance. Although the present
report deals primarily with histochemical ob-
servations, it would seem worthwhile to record
findings which indicate a gross and histologi-
cal parallel between the parakeratotic lesion of
swine and the psoriatic lesion of man.
Grossly, the lesion tended to be more general-
ized than the psoriatic lesion, with an ad-
vanced lesion usually involving the entire
cutaneous surface.
In the very early stages of the disease the
areas of the body where hair was sparse were
the first involved. The primary lesion ap-
peared to be a small papule which became
confluent and then scaly and encrusted. As the
dermatosis progressed the lesions became more
severe, so that the skin was thickened and
fissured. As a result, there was a certain
amount of serous exudate which mixed with
dirt and formed heavy crusts. The lesions then
developed upon the legs in the regions of the
pasterns, fetlock and the hock (Fig. 1). Later
the nasal, periorbital and oral regions also
Fio. 2. Normal skin of ventral surface. Pectoral and flank skin are essentially indistin-
guishable. Groat's stain, X 135.
FIG. 3. Parakeratotic lesion. Note the acanthosis, and heightened dermal papillae, show-
ing markedly increased vaseularity. Mitotic figures are prevalent in the lower germinativum.
In the horny layer, numerous flattened nuclei can be seen, and in the upper left corner, a
dense accumulation of basophilic bodies should be noted. Groat's stain, >( 135.
Fio. 4. Parakeratosis, advanced stage. The rete pegs and dermal papillae are even more
marked than in the previous figure. The horny layer is much more thickened, and shows
alternating nucleated and non-nucleated layers. Note again the patch of dark-staining
material on the middle right side. Groat's stain, X 90.
Fic. 5. Parakeratosis, Feulgen stain. This micrograph is included primarily to demon-
strate that the dark-staining material of the previous figures has a high DNA content,
indicating that it represents accumulations of nuclei. >< 115.
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FIGS. 2—5
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FIG. 6. Oblique section through stratum germinativum and dermal papillae of para-
keratotic lesion, illustrating numerous mitotic figures in the basal layer. At least ten cells
in mitosis can he seen. Groat's stain, >< 250.
FIG. 7—9. All thrGe sections were stained in methylene blue; the section in Figure S was
pretreated with RNase. Sections in Figures 7 and S stained at pH 5.2; section in Figure 9
stained at pH 3.1. The cytoplasmie basophilia is destroyed by pretreatment with RNase;
and the basophilia of the horny layer is inhibited by staining at pH 3.1. All processing,
including photomicrographic exposures and processing, under identical conditions, except
where noted. X 150.
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showed these lesions. By 4—12 weeks on ex-
periment, the lesion had usually reached its
peak.
In addition to the changes in the skin, the
soles and bulbs of the hoofs (the subungual
tissues) were hypertrophied (Fig. 1). In
some instances this became so marked as to
make it difficult for the pig to move about.
There were no arthritic or pre-arthritic
changes in the bone surfaces or joint capsules,
in the several pigs that were studied care-
fully.
General Histology. As the parakeratotic le-
sion developed (Figs. 2—4), there was a pro-
gressive increase in vascularity, with the capil-
laries becoming very tortuous. Dermal papillae
often extended above the lowest layers of con-
tiguous stratum corneum (Fig. 4) as reported
in psoriasis (12). The rete ridges became elon-
gated, and the stratum granulosum, never
prominent, was lost. Mitotie figures were readily
seen in the stratum germinativum (Fig. 6), being
much more numerous than in the normals.
Leukoeytes were seldom observed to have
migrated through the epidermis, and the micro-
abscesses of psoriasis were absent. The great
irregularity of the stratum germinativum, seen
in advanced psoriasis (12), was present also in
the most advanced lesions in this study (Fig. 4).
Figure 3 indicates the progress of nuclei
toward the surface of the parakeratotie le-
sion, showing that there was a gradual flat-
tening and compaction, but extending over
many more cell layers than the normal. The
horny layer usually retained the nuclei, al-
though they were hyperchromatie and very
much flattened. In many locations, particularly
around the orifices of hair follicles, areas of
high concentration of nuclei were found in
the horny layer, as can be seen in Figures
4 and 5.
There was histological evidence that the
parakeratotie lesion was not constant, either
spatially or temporally. Thus, a small, ap-
parently normal area of skin, lacking in nuclei
in the horny layer, could be found between
two highly parakeratotie regions; and, further,
there was evidence of "layering" within a le-
sion, with alternating layers of nucleated and
non-nucleated stratum corneum (Fig. 4).
Nucleic acids. Although in most eases the
nuclei were obvious, in some instances there
was some doubt as to whether basophilic
structures were indeed nuclei, or whether they
were other material of acid nature. The use
of the Feulgen method (Fig. 5) aided in the
identification of the nuclear masses referred
to in the previous section.
The amount of RNase-extraetable, baso-
philic material (RNA) in the stratum ger-
minativum was similar to that of the normals,
and disappeared abruptly in the horny layer,
even when the nuclei persisted (Figs. 7 and 8).
It is evident that the compacted nuclei of
the horny layer were no longer capable of pro-
ducing RNA. Further observations on baso-
philia are in the section on polysaceharides.
Polysaccharides. Ico mono- or oligo-sac-
charides are present in sections processed by
the usual histological methods; and accord-
ingly, this section deals with glycogen and
other neutral polysaeeharides, and with acid
mueopolysaeeharides. The glycogen level in the
stratum germinativum of parakeratotic skin
was higher than in normals, as demonstrated
by the PAS reaction (Figs. 10 and 11). There
was considerable variation between skin
samples, and in different areas of the same
sample. In the dermis, the contorted capil-
laries of the dermal papillae were laden with
glycogen.
In addition to the elevated epidermal gly-
eogen levels, there was PAS-positive, diastase-
resistant material in the horny layer. In
places, this material was very prominent, par-
ticularly in areas where the nuclei formed
large masses. When the PAS technic was com-
bined with colloidal iron staining, the poly-
saceharide showed a preference for the colloidal
iron (Fig. 12). In addition, there was an in-
crease in the affinity for colloidal iron at the
periphery of the cells of the stratum germi-
nativum, apparently associated with the
plasmalemmas (Fig. 13).
Staining contiguous sections with methylene
blue at pH 5.2 and 3.1, and comparison with
RNase controls, revealed further information
about the polysaceharides of the epidermis.
The basophilia at pH 5.2 which was noted in
the horny layer (Fig. 7) was not susceptible
to RNase digestion (Fig. 8). Furthermore, it
was abolished by staining at pH 3.1 (Fig. 9).
At this pH, a slight metachromasia persisted
in both germinativum and corneum, which
had been masked at pH 5.2. These results
would suggest the presence of significant
526 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
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amounts of acid (but apparently not sulfated)
mueopolysaceharides, and smaller amounts of
sulfated mucopolysaceharides.
The dermal polysaceharides were also modi-
fied in parakeratotie lesions. There was a
considerable affinity for the colloidal iron, and
this could be correlated with differences in
the degree of parakeratosis in different areas
of the same section (Fig. 12). Staining with
methylene blue resulted in a perceptible
metachromatic reaction, which persisted at pH
3.1. The sweat gland cells had a strong
affinity for colloidal iron.
Sulfhydryls and disulfides. Normal pig skin
was found to contain significant amounts of
—SH throughout (Fig. 14). The stratum cor-
neum was much more intensely stained than
the germinativum. The same was true of
protein-hound —SS— groups in normal skin
(Fig. 15). IParakeratotie skin contained more
—SH groups than normal skin, in both
germinativum and corneum (Fig. 16). Not
only was the total amount higher, because of
the greater thickness of the epidermis, but
the concentration per unit area was also in-
creased. The —SS-— content, on the other hand,
appeared to be significantly lowered in the
parakeratotic lesion (Fig. 17). Our slides in-
dicated consistently that there was more—SH
than —SS---- in parakeratotic skin. This ob-
servation was streugthened by the fact that
the comparisons were made on tissues proc-
essed together through the DDD and subse-
quent steps.
iii5CUSSION
From the foregoing data, it would appear
that the parakeratotic and normal skin of
swine differ from each other in the following
important ways. There is a retention of
nuclei in the horny layer of the parakeratotic
skin, and there are dense accumulations of
nuclei in isolated patches within the horny
layer. The Malpighian layer shows a con-
siderable increase in thickness, and there is,
in advanced lesions, a drawing out into
elongated rete pegs. The mitotic rate is in-
creased. The character of the horny layer is
also different, in that, in many areas, it ap-
pears to be more homogeneous and more
cohesive; in other areas, however, the horny
layer shows the fragmentation characteristic
of normal skin sections. Concomitant with the
formation of rete pegs, the dermal papillae
are also elongated, and show an intense in-
crease in vascularity. In advanced lesions the
dermal papillae also show a considerable de-
gree of edema (Figs. 3,4, 11).
Histochemically, the lesion shows increased
glyeogen in the stratum germinativum and
the capillary endothelium of the dermal
papillae. There is a significant amount of
acid (but apparentiy not sulfated) mucopoly-
saceharide, and smaller amounts of sulfated
mucopolysaccharide, in the horny layer. The
acid mucopolysaceharide content of the dermis
is also increased. There is an increase in the
amount of —SH, and a decrease in the amount
of—SS—.
All of these differences between the par-
akeratotic lesion and the normal skin of
swine may then be correlated with the dif-
ferences between normal and psoriatic hu-
man skin. Histologically, the clumps of nuclei
found in the parakeratotie horny layer of
swine are more extensive and more dense
Fm. 10. Parakeratosis, PAS and hematoxylin. A slightly elevated glycogen content can
be noted in the stratum germinativum, and PAS-positive material also appears in the horny
layer. In the slide, there is a slight staining of the entire horny layer, alternating with the
more intensely staining layers which show here. The tortuous capillaries of the dermal
papillae show particularly well, as a result of their high glycogen content. X 220.
FIG. 11. Parakeratosis, PAS and hematoxylin. In this area, the tortuous capillary net-
work is readily seen in the central dermal papilla. In addition, the glycogen content of the
germinativum also shows well. The alternation of layers in the horny layer is very striking
in this section. X 220.
Fm. 12. Parakeratosis, PAS and colloidal iron. This micrograph depicts a region at the
edge of a lesion, showing skin that approaches the normal on the right. The greatly in-
creased amount of colloidal iron-positive material in the dermis of the lesion area indicates
a high concentration of acid mucopolysaccharides. One can also note a high concentration in
the horny layer. >< 00.
Fm. 13. Parakeratosis, colloidal iron. This high power micrograph shows the distribution
of acid mucopolysaccharides within the epidermis. Most of the material appears to be inter-
cellular; it cannot be determined with certainty whether it is a part of the cell membranes,
although in some places it appears so. Note also the acid mucopolysaceharide in the horny
layer. )< 425.
Fie. 14—17. Sulfhydryls and disulfides. Figures 14 and 15 are of normal skin; Figures 16
and 17 are of parakeratotic skin. Figures 14 and 16 were stained for —SH; figures 15 and 17
were stained for —SS—. Of particular interest is the fact that —SH and —SS can be found
throughout the epidermis of both normal and parakeratotic skin. The increased —SH and
decreased —SS— of parakeratotic skin, compared with the normal, is apparent. All proc-
essing, including photomicrographic exposures and processing, under identical conditions,
except where noted. X220.
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than are those of the psoriatie lesion. Also,
the parakeratotie lesion shows less aeanthosis,
less "clubbing", and little evidence of the
microabsccsscs that are characteristic of
psoriasis (12). The alternation of parakcrato-
tic layers with more normal layers in both
the human (12) and the porcine lesion sug-
gests a temporal alternation of function. In-
creased mitosis in psoriasis has been re-
marked by various authors (13, 14) and, as
will be discussed below, has been taken as one
of the bases for tbc lesion.
The demonstration of increased RNA in the
stratum gcrminativum of psoriatic skin has
been reported, but has been considered by
most to be non-specific (see Braun-Falco (4)
for review); although Hollander et at. (15)
reported lowered RNA in psoriatic epider-
mis. While the increase in RNA in parakerato-
sis of swine is apparently less marked than
that of the human lesion, there can be little
doubt that there is a large amount of RNA
in the gcrminativum of porcine skin, both
normal and parakeratotic.
The data on sulfhydryl and disulfidc may
be compared with observations of others on
the psoriatic lesion. The suggestion that there
is less disulfide than sulfhydryl in the para-
kcratotic lesion is related to the findings of
Steiner (7), who showed in psoriatic skin only
a barely perceptible increase in the staining
reaction with DDD following thioglycolate, as
compared with sections stained with DDD
alone. He further showed (16) by micro-
spectrophotomctry that the amount of —SH in
the psoriatic horny layer is about 5 times that
—SS-—. These findings arc corroborated by
Ogura et at. (17), but not by Van Scott and
Flcscb (18) or Braun-Falco (4). The latter
author showed a much heavier reaction for
—SS— than for —SH in the horny layer
of both normal and psoriatic skin. The in-
tensely positive, subcorneal transition zone
that Braun-Falco reported for normal human
skin was not seen in our pig material. It is
difficult to correlate our histochemical data
with biochemical data which have been ob-
tained on the whole epidermis (19—21).
The carbohydrate histochcmistry of the two
lesions shows close parallels in several ways.
In both, the cpidcrmal glycogcn is increased,
although variably. An increase in glycogcn is
not unique to these lesions, however, having
been reported for a variety of dermatopathic
conditions (22). The increase in acid muco-
polysaccharidcs in porcine parakeratosis re-
sembles that of psoriasis. Several authors have
commented on this phenomenon in psoriasis
(4—6). Stciglcdcr and Wcakley (6) have given
evidence that cpidcrmal acid mucopolysac-
charidcs may come from sweat glands. From
our observations it would seem that this in-
terpretation is the most likely one in the
pig, since the sweat glands have an affinity for
colloidal iron, and the amount of colloidal-
iron-positive material in the stratum germi-
nativum is not sufficient to account for the
large amount in the horny layer. The acid
mucopolysaccharidc in the inter- or pen-
cellular regions is common to a variety of
normal cells, as shown in great detail by
Rambourg et at. (23).
A recent theory on the etiology of psoriasis
(24) assigns a central role to an alteration
in mucopolysaccbaride synthesis (possibly as a
result of an "inborn error of metabolism"),
and to a loss of "chalone" control (25). At
least part of the supporting data on which
this theory is based arc taken from Braun-
Falco (12), with whose study on polysac-
charidcs in psoriasis the present report shows
strikingly close correlation. It is clear, how-
ever, since there is evidence that psoriasis
has a genetic component (26), and porcine
parakcratosis does not, that in at least one
fundamental way, the lesions are not compar-
able.
On the basis of the various similarities be-
tween the porcine and human lesions, it seems
wise to consider the possible application of
therapeutic agents successful in treating por-
cine parakeratosis to the human lesion.
Furthermore, a better understanding of the
basic biochemical lesion in porcine para-
kcratosis is needed, and may contribute to our
understanding of psoriasis.
SUMMARY
Various similarities between the parakcra-
totic lesion of swine and the psoriatic lesion
of man have been demonstrated. The mitotic
rate is elevated in both lesions, there is
acanthosis and "clubbing", and edema of the
connective tissue of the papillary ridges. The
microabsccsscs of the human lesions arc not
found in the pig. Among the histochemical
530 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
parameters tested, those common to both le-
sions are: elevated epidermal glyeogen; high
sulfhydryl and reduced levels of disulfide;
large amounts of acid mueopolysaeeharides in
both stratum eorneum and dermis.
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